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Abstract 
Pecan oil is an edible pressed oil extracted from the pecan nut; it contains approximately 90% unsaturated fat. 
Previous study showed that unsaturated faty had potent antioxidant activity. Oxidative stress is a pathological change 
which is higher in postmenopausal women. In the present study, we reported the apoptosis inhibition of hippocampal 
cells by pecan oil in ovariectomized rats. And the results showed that the pecan oil has protective effect on 
hippocampal cell apoptosis induced by ovariectomized operation. The mechanism of action could be related to 
enhancement of the antioxidant activity and adjustment of Caspase-3 expression. 
© 2010 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
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1. Introduction
Pecan oil is an edible pressed oil extracted from the pecan nut which contains large amounts of protein,
unsaturated fatty acids, vitamins and other minerals. It is universally used in China and other countries for 
centuries to eliminate free radicals, strengthen cell activity, improve nerve cell function, etc. Modern 
research found that pecan oil also has a potential effect on preventing cancer, reducing the toxicity of 
heavy metals, mitigating coronary heart disease [1,2] and providing anti-aging effects[3,4,5].  
For people at old age, with the body estrogen level declined, the antioxidant capacity decreased 
 Corresponding author. Tel.: +86-0432-64560301. 
E-mail address: renkuang@sina.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
376  Xing-yu Zhao et al. / Procedia Engineering 18 (2011) 375 – 3802 Author name / Procedia Engineering 00 (2011) 000–000 
relatively, thereby free radical damage increased significantly [5,6]. Previous study showed that free 
radicals could damage the membrane lipids, thus leading to cell membrane ageing, eventually resulting in 
cell function decline. Free radicals could also damage mitochondria, leading to some substances, such as 
cytochrome C released from mitochondrial, and Caspase apoptosis pathway activation. 
Recent studies have shown that pecan oil has effects of anti-oxidation [7,8], lowering cholesterol 
[1]and improving learning ability in rats [9], and these provide evidence on the anti-aging effect of pecan 
oil. However, there is no further research exploring the related mechanism of the anti-oxidation of pecan 
oil. The objective of the present study is to investigate the apoptosis inhibition of pecan oil on 
hippocampal cells in ovariectomized rats. 
2. Materials and Methods 
2.1. Experimental Materials 
Antibody to Caspase-3 was purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Serum 
estradiol (E2) levels assay Kit, malondialdehyde (MDA), TBARS, SOD assay kits, and Hoechst 33258 
kits were obtained from Keygen of Nanjing. 
2.2. Pecan oil extraction 
Extractions were performed as described by Hubbard et al [10] with some modifications. Pecan oil was 
collected in the Jilin Province, China, in October 2009 and identified by Prof. Jun-tao Lei (Jilin medical 
college, Jilin, China). A voucher specimen (091016) is deposited at the Biomedicine Key Laboratory of 
the Jilin Province. Pecan samples (1.00 g) were ground in 20 ml chloroform/methanol (2:1, vol/vol) for 
two 2.5-min durations in an omnimixer equipped with a 50 ml grinding vessel (Omni International, 
Waterbury, CT). The extract was then filtered through a medium scinterred-glass funnel, rinsed with 
approximately 10 ml chloroform/methanol and placed into a 50 ml separatory funnel. A volume of 
aqueous 0.8% KC1 (equal to about 25% of the total extract volume) was added, vigorously shaken, and 
the chloroform layer was recovered. An equal volume of extraction medium was added to the aqueous 
layer and recovered two more times. The combined organic layers were then filtered through phase-
separation paper (Type 1PS; Whatman International, Ltd., Maidstone, England) to remove all water, and 
rinsed with a minimum volume of the chloroform/methanol extraction solvent. 
The filtrate was then dried in a tared, round-bottom flask in vacuo to constant weight by means of a 
rotary evaporator at 40°C. In most cases, 75 min of rotary evaporation was adequate for solvent removal. 
Oil content was determined gravimetrically to the nearest mg. The chemical compositions of pecan oil 
were listed in table 1. 
2.3. Experimental animals 
Wistar adult female rats were purchased from Laboratory Animal Center, Jilin University, Changchun, 
Jilin, China. The rats weighing between 180 and 200 g were housed under standard environmental 
conditions (temperature:28–30°C, relative humidity:55±5%, photoperiod: approximately 12 h natural 
light per day). The animals were allowed free access to tap water and standard laboratory rat food. The 
present study was performed in adherence with the Guidelines on the Use of Laboratory Animals 
published by the National Institutes of Health and approved by the Animal Care and Use Committees in 
Jilin University. 
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2.4.  Experimental protocol 
Forty rats were assigned randomly to young rats group (sham, with 8 rats) , ovariectomized rat 
group(OVX, with 8 rats)and ovariectomized rats with three different concentration pecan oil groups 
including Low dosage group(100 mg/kg/d), middle dosage group (200 mg/kg/d), and high dosage group 
(400 mg/kg/d), with 8 rats in each group, Pecan oil was given intragastric administration at nine a.m 
every day for nine consecutive days, while the ovariectomized rat group was only given saline. Blood 
samples (0.3 ml in each group) were collected in tubes containing heparin at the ninth day for the 
measurement of E2. Hippocampal tissues were collected and frozen at −80 °C for contents of MDA, 
TBARS and SOD activities determination and cells apoptosis analysis.  
2.5.  Determination of serum estradiol (E2) level  
The level of E2 were determined with radioimmunoassay kit according to the manufacturer's protocol, 
and the γ Counter has been used and E2 concentration was expressed with pg/ml.  
2.6. Determination oxidative stress in hippocampal tissue 
The contents of MDA, TBARS and SOD activity were measured by commercial kits. 
2.7. Hippocampal cells apoptosis determination 
The extent of hippocampal cell apoptosis was determined using Hoechst 33258 kits, 3 h later the 
hippocampal cells were viewed by phase-contrast microscopy using an Olympus model Bx61/Bx62 
inverted microscope equipped with a MCA-85001 camera (America). 
2.8.  Isolation of nuclear protein 
The tissue samples from hippocampal were suspended in a buffer that contained 10 mm Tris (pH 7.5), 
1.5 mm MgCl2, 10 mm KCl and 0.1% Triton X-100 and lysed by homogenization. Nuclei were recovered 
by microcentrifugation at 7500 rpm for 5 min. Nuclear proteins were extracted at 4 °C by gently 
resuspending the nuclei pellet in buffer that contained 20 mm Tris (pH 7.5), 20% glycerol, 1.5 mM 
MgCl2, 420 mM NaCl, 0.2 mMEDTA and 0.1% Triton X-100, followed by a 1 h incubation at 4 °C with 
occasional vortexing. After microcentrifugation at 13,000 rpm for 15 min at 4 °C, the supernatant that 
contained the nuclear protein fraction was collected. The protein concentration of each sample was 
measured using a modified Bradford assay. 
2.9. Caspase-3 expression and cleavage analysis 
Proteins were separated by polyacrylamide electrophoresis (SDS-PAGE), transferred to a 
nitrocellulose membrane, and incubated overnight with monoclonal antibodies to Caspase-3 at 4 °C. 
Proteins were detected with a horseradish peroxidase conjugated secondary antibody (1:5000) dilute in 
TBS-T containing 5% skim milk powder for 1 h at room temperature and were visualized using the 
enhanced chemiluminescence method. 
2.10.  Statistical analysis 
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All values in this study were presented as mean±SD and analyzed by one-way ANOVA followed by 
LSD correction for post hoc t test or linear regression analysis (SPSS 13.0 software). P values<0.05 were 
considered statistically significant. 
3. Results and discussion 
3.1. Effect on serum estradiol (E2) level 
The level of serum E2 was shown in Table 2. Compared to sham group, serum E2 level in OVX group 
was decreased significantly (P<0.01). However, the level of serum E2 demonstrated no statistically 
significant difference between OVX group and pecan oil groups.  
 
Table 1.The chemical compositions of pecan oil. 
Chemical composition Content (%) 
Linoleic acid 63 
Oleic acid 18 
Linolenic acid 12.6 
Palmitic acid 3.9 
Stearic acid 2 
VitE <0.1 
 
Table 2.The level of E2 in rat’s serum (n=8). 
Group E2(pg/ml) 
Sham 15.94±4.74 
OVX group 1.23±1.83** 
Low dose 1.18±1.37** 
Middle dose 1.35±1.02** 
High dose 1.30±1.42** 
**P<0.01 Vs sham.
 
3.2.  Oxidative stress determination in hippocampal tissue 
To determine if pecan oil has the ability of reducing oxidative stress, the contents of MDA, TBARS 
and SOD activity were measured in tissues from hippocampus. As shown in table 3, the contents of MDA 
and TBARs in pecan oil group were lower than those in OVX group, but were higher than those in sham 
group, while the T-SOD activities increased significantly in pecan oil groups. All results showed that the 
anti-oxidation ability of pecan oil was dose-dependent. 
Table 3.Change of T-SOD activity, MDA and TBARS contents in hippocampus of rats in each group ( x ±s) (n=8). 
Group T-SOD(U/mg ̣.pro) MDA(nmol/mg ̣.pro) TBARS(nmol/mg ̣.pro) 
Sham 13.67±1.423 0.69±0.45 1.17±0.32 
OVX group 9.06±1.43## 2.42±0.45## 2.78±0.57## 
Low dose 9.69±2.025 1.11±0.14** 1.74±0.50 
Middle dose 11.48±2.53* 1.06±0.16** 1.59±0.42 
High dose 12.22±1.96* 0.75±0.18** 1.33±0.38* 
*P<0.05 or **P<0.01 Vs OVX group; ## P<0.01 Vs sham. 
3.3. Effect of pecan oil on hippocampal cells apoptosis 
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Hoechst 33258 is a cell permeable blue fluorescent DNA dye to detect nuclear condensation and 
fragmentation as well as characteristics of apoptosis. As shown in Figure1, the white color in edge and 
irregular nuclei, nuclear chromosomes concentration, accompanied by nuclear condensation and nuclear 
fragmentation phenomenon were presented in hippocampal cells of ovariectomized rats. After 
administration of pecan oil, the color presented pale blue indicating that the apoptosis was inhibited. 
Moreover, the cells showed a normal Hoechst staining similar to that of the sham group. 
 
Figure 1. Pecan oil inhibition of oxidative stress induced-hippocampal cell apoptosis. Tissues from hippocampus in rats of five 
groups were stained with Hoechst 33258 after 3 hours as indicated A: Sham group; B: ovariectomized group; C: low dosage group; 
D: middle dosage group; E: high dosage group. 
3.4.  Pecan oil inhibited Caspase-3 expression and cleavage 
Caspase-3 activity was presented as absolute units, and the OVX group had about a 2.4-fold increase 
in Caspase-3 activity as shown in Figure 2. However, when treated with pecan oil (200 mg/kg/d and 400 
mg/kg/d) the activity was decreased significantly (Figure2 (a)). As the active form of Caspase-3, the 
Caspase-3 cleavage (p17 subunit) plays an important role in apoptosis execution. In this study, Western 
blots assay indicated that the cleavage of Caspase-3 was also significantly depressed in both middle-dose 
group and high-dose group when compared to the OVX group (*P<0.05, **P<0.01, Figure 2(b)).  
4. Conclusion 
Our study demonstrated that in vivo administration of pecan oil could reduce damage induced by 
oxidative stress which is related to the low level of estrogen and improved protection of hippocampal 
cells on apoptosis. In addition, pecan oil could also reduce MDA, TBARS levels and increase T-SOD 
activity in oxidative stress. We conclude that the mechanisms through which pecan oil consumption 
provides hippocampus protection may be the inhibition of Caspase-3 activation. 
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Figure 2. Pecan oil inhibited Caspase-3 expression and cleavage. A: Western blots analysis the expression of apoptosis-related 
protein Caspase-3, and β-actin is used as internal control; B: The representative results of Caspase-3 cleavage. Values are 
normalized to the sham group and expressed as mean± SD (n=8). *P<0.05 or **P<0.01 vs. OVX group. 
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